Thermal stress in the form of prolonged periods of anomalously elevated temperatures is among the principal causes inducing regional mass bleaching in stony corals and other zooxanthellate Cnidaria (Jokiel and Coles 1990 , Lesser et al. 1990 , Williams and BunkleyWilliams 1990 , Glynn 1993 , Hoegh-Guldberg 1999 . In 2005 coral bleaching throughout the Caribbean was linked to the warmest thermal stress event recorded for the region (Shein 2006) . Coral bleaching and sea surface temperature data gathered throughout the Caribbean place the epicenter of this event in the eastern Caribbean (C. M. Eakin et al. in prep. ). Dominica's coral reefs and habitats are shaped by its narrow island shelf. With the exception of the region between Mero and Batali, west coast "reefs" are primarily composed of coral assemblages established on volcanic rock with limited reef accretion due to marginal protection from natural terrestrial and oceanic disturbances (Steiner 2003) . Madracis mirabilis banks and assemblages (intermittently harboring colonies of Porites porites) also form an essential component of the west coast reefs. An extensive fringing reef system, with Acropora palmata as important constructional component, is found along the north east coast between Anse Du Mé and Marigot. The rest of the east coast is characterized by a few sheltered bays harboring fringing reefs in 1-10 m (Steiner 2003) , while deep reefs remain unexplored.
The close spatial proximity between reefs and Dominica's population centers, given the steep island terrain, has exposed these resources to a multitude of local chronic stressors (e.g. coral mining, fishing, sedimentation) for at least 3 centuries. With the increase of regional and global disturbances such as bleaching events (Hoegh-Guldberg 1999) , reefs of Dominica continue to change rapidly. By quantifying the destructive nature of global threats such as rising sea surface temperatures (a phenomenon not easily mitigated by small island nations), the urgency of managing local chronic disturbances which can be mitigated locally is highlighted.
This study assesses the effect of the 2005 bleaching episode on Dominica's coral community, based on standardized surveys (AGRRA v.4) (Table  1) were strategically selected and surveyed following the Atlantic and Gulf Rapid Reef Assessment v. 4.0 benthos protocols (Kramer et al. (2005) . With the exception of Calibishie, all sites are located on the leeward side of the island. Although not considered "true reefs", rocky substrates harboring scleractinian coral communities were included because they represent common reefal habitats in Dominica (Steiner 2003) . Large mono-specific banks of Sites deeper than 5m were surveyed using SCUBA equipment. Prior to data collection divers engaged in consistency training by examining the same transects and comparing measurements. Two transects on land (mock reef) and 3 transects on reefs were necessary to achieve homogenous results with the group. In situ coral identification was based on Humann (1994) . One-hundred-twenty five and 132 haphazardly located, 10-m benthic contact transects were examined in 2005 and 2006, respectively. Comparisons of live cover, bleaching prevalence and recent mortality are based on data for corals ≥10 cm in diameter (see Kramer et al. 2005) . The abundance of coral recruits was assessed based on 625 and 660 (0.0625 m² quadrats) in 2005 and 2006, respectively. Two statistical tests were performed to determine the presence of significant differences. A one-tailed two population proportion (TPP) test (Ramsey 1997 ) was used to test hypotheses regarding prevalence of bleaching, linear coral cover, and surface area estimates and a one-tailed two-sample t-test (Ramsey 1997 ) was used to test hypotheses on recruit density.
RESULTS
The first signs of coral bleaching in 2005 became evident in late August, initially affecting Porites porites throughout the island, while massive framework building species such as Montastraea faveolata and Montastraea annularis started showing symptoms approximately three weeks later. By the time this study was executed, 19 of the 20 species within the 2005 survey, and 76 % of all colonies (n = 1475) had some symptom of bleaching (Table 2 ). In 13 species the number of colonies which were affected by bleaching exceeded 50%. Within this group, 60 -83% of all colonies among the massive framework building species M. annularis, M. faveolata, Montastraea cavernosa, Diploria strigosa and Siderastrea siderea were affected. Among the common smaller species, P. astreoides, P. porites and Meandrina meandrites, the percentage of colonies affected ranged between 56 and 83 %. Agaricia agaricites showed signs of bleaching in 101 of the 109 colonies surveyed. Seventeen percent of all surveyed colonies were fully bleached ( Fig. 1) .
In 2005, all shallow sites (1-5m) had a significantly higher prevalence of bleaching symptoms as well as significantly more fully bleached corals than deep sites (6-18m) (TPP, z = 2.75, p<0.01). However, no significant difference between shallow and deep sites was found in tissue loss due to recent mortality which affected 1% or 2.1 m² of the total examined coral cover. Although 5 of the 14 surveyed colonies of M. mirabilis showed signs of bleaching, the large M. mirabilis banks of Mero and Grand Savane did not appear bleached. The first signs of corals regaining zooxanthellae were observed in mid November 2005.
In 2006, three additional species, Dendrogyra cylindrus (n=2), Meandrina brasiliensis (n=2), and Mussa angulosa (n=1) were within the surveyed transects, but not a single live colony of A. agaricites. Twenty-six percent of all colonies (n = 1407) exhibited some symptom of bleaching (Tab. 2, Fig. 1 ). The occurrence of pale, partially bleached or completely bleached colonies exceeded 50% in only four of these species, including the framework building D. strigosa. One percent of the colonies were fully bleached. All shallow sites again had a significantly higher prevalence of bleaching symptoms and fully bleached colonies than deep sites (TPP, z = 2.23, p<0.05).
Tissue loss due to recent mortality was evident at all sites, ranging from 1 -29 % coral surface area ( Fig. 2) with an overall increase of 10%, and was significantly higher at deep sites than at shallow sites (TPP, z = 2.39, p<0.05). Among the framework building species, M. annularis, M. faveolata and S. siderea were most affected by recent tissue loss (Fig. 3) . Apart from the absent A. agaricites, P. astreoides was the most affected of the smaller corals. A significant decrease in live coral cover (TPP, z ≥ 2.25, p<0.05) was observed at 3 sites (Fig. 4) 6). With the exception of S. siderea, framework building species had few recruits in both years. Overall, recruit abundance decreased significantly (t-test, t-stat = 4.627, df = 30, p<0.05) by 65 % from 14.23 recruits per m² to 4.92 recruits per m². No significant difference in coral recruit density was observed between shallow and deep sites in both years.
DISCUSSION
The bleaching episode of 2005 was the first to be quantitatively assessed in Dominica and affected 76% of all surveyed colonies. Based on a replicate survey one year later, live coral cover had decreased by 28 %, recent mortality, which was significantly higher at deeper sites than shallow sites, had increased by 10%, and the abundance of recruits had decreased by 65%. Although 2006 was not considered a "bleaching year" based on sea surface temperatures, 26 % of coral colonies exhibited symptoms of bleaching. In the absence of field observation from the summer 2006, it remains unclear to what extent this represented a delayed recovery and or a resurgence of mild bleaching in already weakened corals.
Given the slow (months) recovery from these disturbances, the weakened state of coral communities persists well beyond the periods of acute thermal stresses as observed in 2003 and 2004 when individual colonies remained pale or bleached for 6-7 months (unpublished data). Short-term consequences of such events include corals being more susceptibility to coral pathogens or mortality induced by additional stressors (Hoegh-Guldberg 1999). Bleached (Jokiel and Coles 1990 , Hoegh-Guldberg 1999 , Baird and Marshall 2002 . Increased mortality of established corals and reduced recruitment both underscore the long-lasting consequences of a single, widespread bleaching episode in Dominica. Moreover, if coral populations on islands such as Dominica, represent reproductively rather isolated entities, similar to the regionally isolated A. palmata (see Baums et al. 2005) and Acropora cervicornis (see vollmer and Palumbi 2007), the consequences of reductions in fecundity (Szmant & Gassman 1990) , in particular among poor recruiters (see Szmant 1986) , can lead to dramatic alterations in the reefs' species composition and architecture. The 2005 event followed bleaching in the years 2003 and 2004. While each of these events differed in terms of SST range and duration, onset of bleaching symptoms, sequence of species and abundance of colonies affected (unpublished data), as well as additional stressors (e.g. sedimentation, hypo-salinity), all have contributed to the chronic disturbances shaping Dominica's coral communities. Corals in deep (6-18 m) sites were significantly less affected by bleaching symptoms than those of shallow sites. One year later recent coral mortality, however, was significantly higher at the deep sites. So while coral bleaching in shallow habitats was more widespread, deeper corals did not recover as well as their shallow water counterparts, undermining the potential of Dominica's deeper reefs as refugia at least within the here examined depth range (see also Warner et al. 1999 , Riegl & Piller 2003 . Similarly, planula larvae from deep sites may generally be more sensitive to UvB radiation and mortality than larvae from shallow sites as demonstrated by Gleason and Wellington (1995) for A. agaricites. Deep reefs may therefore contribute to reduced recruitment rates should bleaching events occur during the spawning or planulation phase of particular corals. Conversely, bleached shallow-water corals, may benefit from diurnal temperature fluctuations, as well as a quicker onset of the cooling-off periods during days with strong insulation and low wind speed (see Katsaros 2004) .
It could not be determined how much of the recent coral mortality observed in 2006 was directly attributed to bleaching or to diseases as affected colonies were not marked and observed over time. Borger and Steiner (2005) reported 8 m² tissue loss (<2% of examined coral cover) due to disease-induced mortality (80% white plague) on marked colonies belonging to 16 species between 2000 and 2002 when no mass coral bleaching occurred in Dominica. In 2004, the least severe of 3 consecutive bleaching years (2003, 2004 and 2005) , disease prevalence was low, yet yellow band disease was common in M. faveolata (J. Kerr unpublished data). In 2005 and 2006, coral disease prevalence remained low. However, during the bleaching episode of 2005, identifying the manifestations and diseases that did not contrast (in terms of color) on pale and bleached corals of "white reefs" was difficult, and the low prevalence may be an artifact.
The increasing frequency and severity of mass coral bleaching episodes represent additional disturbances exacerbating the effect of previous and current anthropogenic disturbances on the marginal reef systems of Dominica. For the past 3 centuries Dominica's reefs and coral communities have been exposed to a series of heavy uses and additions (sensu GESAMP 1990). These have come in the form of coral mining, fishing, coastal zone degradation as well as inputs from agricultural and urban centers. Coral mining for the production of lime was an important means for infrastructural development such as the construction of forts, agricultural estates and towns, and a practice that continued into the 1950s prior to the ready availability of cement. Although fisheries are artisanal in terms of gear, all nearshore marine habitats are fished with a variety of methods including fish pots (on reefs), seine nets (in sandy bays and sea grass beds), a variety of line fishing techniques, and more recently also spear-fishing. Increased sediment runoff caused by deforestation, gravel and sand mining and coastal sprawl, as well as the input of fertilizers, pesticides and sewage are among the primary sources of anthropogenic disturbance. The number local and regional disturbances keeps growing, highlighting the importance of any action counteracting this trend if Dominica's remaining coral resources are to have a chance of being conserved. Gulf Rapid Reef Assessment) fue implementado por primera vez en Dominica, entre el 20 de octubre y el 18 de noviembre. Durante ese mismo período, las temperaturas superficiales del mar subieron de manera anómala, causando el blanqueamiento más severo observado en el Caribe. Diez y nueve de las 20 especies de coral que se estudiaron, estaban afectadas. La presencia de corales pálidos, parcialmente blanqueados o completamente blanqueados excedió el 50% en 13 de estas especies, y el 76% de las colonias (n = 1475) tenía algún tipo de blanqueamiento. Para evaluar el impacto de este evento sobre los corales de Dominica, los 16 sitios estudiados en el 2005 fueron re-examinados en el 2006 (17 de octubre -25 de noviembre) con los mismos métodos. veinte de las 23 especies estudiadas estaban afectadas, la presencia de corales pálidos, parcialmente blanqueados o completamente blanqueados excedió el 50% en solo cuatro especies, y el 26% de las colonias (n = 1407) tenía síntomas de blanqueamiento. Sin embargo, la cobertura de corales vivos disminuyó 28%, la mortalidad reciente aumentó 10%, y la abundancia de reclutas de corales disminuyó 65%. Agaricia agaricites, un coral común en los arrecifes de Dominica antes del 2005, fue una de las especies más afectadas, y para el estudio del 2006, ya no se le encontró. Los sitios profundos (6-18 m) fueron más afectados por la mortalidad reciente de corales que los sitos someros, lo cual desmiente la idea de que los sitios profundos pueden funcionar como refugios. En Dominica, además del blanqueamiento del 2005, hubo otros en 2003 y 2004. El impacto crónico de este tipo de eventos, combinado con disturbios comunes como escorrentía de sedimentos (canteras, desarrollo costero), contaminación (desperdicios sólidos, aguas servidas y plaguicidas) y pesquería (pesca con arbaleta, trampas y redes de encierro), los sistemas de arrecifes marginales de Dominica están siendo expuestos a estrés sin precedentes. Estos resultados resaltan la urgencia de actuar para reducir los impactos humanos, a fin de conservar los recursos arrecifales de Dominica.
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